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Abstract
Background: In this study the effect of myenteric denervation induced by benzalconium chloride (BAC) on 
distribution of fibrillar components of extracellular matrix (ECM) and inflammatory cells was investigated in gastric 
carcinogenesis induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG). Rats were divided in four experimental 
groups: non-denervated (I) and denervated stomach (II) without MNNG treatment; non-denervated (III) and 
denervated stomachs (IV) treated with MNNG. For histopathological, histochemical and stereological analysis, sections 
of gastric fragments were stained with Hematoxylin-Eosin, Picrosirius-Hematoxylin, Gomori reticulin, Weigert's 
Resorcin-Fuchsin, Toluidine Blue and Alcian-Blue/Safranin (AB-SAF).
Results: BAC denervation causes an increase in the frequency of reticular and elastic fibers in the denervated (group II) 
compared to the non-denervated stomachs (group I). The treatment of the animals with MNNG induced the 
development of adenocarcinomas in non-denervated and denervated stomachs (groups III and IV, respectively) with a 
notable increase in the relative volume of the stroma, the frequency of reticular fibers and the inflammatory infiltrate 
that was more intense in group IV. An increase in the frequency of elastic fibers was observed in adenocarcinomas of 
denervated (group IV) compared to the non-denervated stomachs (group III) that showed degradation of these fibers. 
The development of lesions (groups III and IV) was also associated with an increase in the mast cell population, 
especially AB and AB-SAF positives, the latter mainly in the denervated group IV.
Conclusions: The results show a strong association in the morphological alteration of the ECM fibrillar components, 
the increased density of mast cells and the development of tumors induced by MNNG in the non-denervated rat 
stomach or denervated by BAC. This suggests that the study of extracellular and intracellular components of tumor 
microenvironment contributes to understanding of tumor biology by action of myenteric denervation.
Background
Interaction between tumor cells and the surrounding
stroma is one of the key aspects in the mechanism of
tumor cell proliferation and invasion [1]. Tumor cells do
remodel the extracellular matrix (ECM), a complex mix-
ture of fibers (collagen, reticular and elastic) and ground
substance that provides cell support [2], to facilitate com-
munication and escape of the control by the microenvi-
ronment [3]. The collagen fibrillar system acts as a
supporting framework of tissues, where reticular fibers
connect collagen fibers with the basal laminae of epithe-
lial, muscle and adipose cells; the microfibril-elastin sys-
tem plays a role in uniformly distributing stress to
maintain the resilience to local tissue requirements [4].
Structural and functional integrity of the collagen fibril-
lar and microfibril-elastin systems are important for the
stomach to pack the food, to secrete enzymes and acids to
break the raw nutrients and to transfer the mixture to the
small intestine. The three tasks depend of the extrinsic
(sympathetic and parasympathetic divisions of the auton-
omous nervous system) and the intrinsic innervation
(enteric nervous system - ENS). The principal compo-
nents of the ENS are two networks or plexuses of neurons
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and nervous fibers, the myenteric and submucosal plexus
[5]. The ENS importance for the regulation of the gastro-
intestinal functions is observed after the topical applica-
tion of the cationic surfactant, benzalkonium chloride
(BAC), on the serous layer that results in partial and
selective destruction of myenteric plexus neurons [6].
The correlation between carcinogenesis and the ENS has
been demonstrated in experimental models using the
myenteric denervation by BAC and the induction of
tumors by N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) [7] and 1,2-dimethylhydrazine (DMH) [8] with
a reduction in the incidence and size of gastrointestinal
tumors.
Immune cells are potent sources of paracrine signals to
the ENS. Particularly enteric mast cells are strategically
located and have powerful pharmacological mediators
that act in the face of immunological stimuli that can
affect the integrity of the gastrointestinal tract [9]. The
antibody binding to mast cells makes them able to recog-
nize specific antigens and signal their presence to ENS.
ENS, in turn, interprets the chemical signals of mast cells
as a threat and seeks to eliminate it, thus providing a pro-
tective response [9]. The presence of mast cells has been
described in several neoplasias, with pro or anti-tumor
roles played by their bioactive mediators released by the
influence of the tumor microenvironment [10-12]. The
action of pro-tumor mediators such as histamine,
tryptase and chymase may promote migration and cell
proliferation inducing the expression of adhesion mole-
cules on endothelial cells and thus activating the process
of tumor angiogenesis, metastasis and proliferation [13-
15]. On the other hand, some cytokines such as interleu-
kin (IL) -2 and -21, tumor necrosis factor (TNF) and hep-
arin released by mast cells, can act as anticancer agents by
inhibiting their growth [16,17].
Several studies have shown that during carcinogenesis
there is an increase in the number of mast cells, observed
in neurofibromas, lipomas, hemangiomas, tumors of the
adrenal gland and skin [18], squamous cell carcinomas
[19], laryngeal squamous cell [20] and gastric carcinomas
[21]. In gastric adenocarcinomas, the small release of the
contents stored in cytoplasmic granules of mast cells was
associated with changes in the microvascular basal lami-
nae, including irregular thickness, multiple layers and a
weak association with endothelial cells and pericytes that
contribute to the remodeling of blood vessels [22]. After
surgical removal of gastric cancer, survival studies
showed that patients with increased number of mast cells
showed a worse prognosis compared to patients with low
numbers of them.
The purpose of the present study was to determine the
effects of chemical ablation of myenteric neurons on the
distribution of the extracellular matrix fibers and mast
cells in the gastric mucosa of non-denervated and dener-
vated stomachs, and in a model of gastric carcinogenesis
induced by MNNG administration in rats.
Material and methods
Experimental design
Four experimental groups were evaluated. Groups I (n =
5) and II (n = 5) non-denervated and denervated respec-
tively, without the presence of gastric neoplasms; groups
III (n = 10) and IV (n = 10) non-denervated and dener-
vated, respectively, with the presence of gastric neo-
plasms. Fragments of the pyloric region (antrum) of
stomach used in this study were obtained from investiga-
tions carried out by POLLI-LOPES et al. [7]. The experi-
mental procedures were performed in accordance with
the rules of Committee on Care and Uses of Laboratory
Animals of the National Research Council of the N.I.H.
(USA) and Ethics Committee for Animal Experimenta-
tion (CEEA) of FAMERP (Protocol n° 6193/2008), São
José do Rio Preto, SP.
Animals
Male Wistar rats weighting 100 a 150 g, obtained from
the animal facility of the School of Medicine of Ribeirão
Preto, Brazil, were housed (4 animals per cage), in tem-
peratures between 23 to 25°C, and received food and
water ad libitum.
Gastric denervation
The animals were anesthetized i.m. with ketamine hydro-
chloride and thiazine chloride (0.15 ml/0.05 ml/100 g of
weight) [23]. The stomach of each animal was exterior-
ized through a midline upper abdominal laparotomy and
isolated from the peritoneal cavity through a small fenes-
tration in a plastic sheet for topic application of 0.6% BAC
(v/v) (Aldrich Chemical Co. diluted in saline (0.9% NaCl)
[7,24]. The isolated stomachs were wrapped with gauze
soaked in BAC or saline and kept moist for 30 min
[6,7,24]. The serosal surface of the stomachs was thor-
oughly washed with saline, the organs were returned to
their anatomical place and the abdominal wall was
sutured. The animals were maintained in plastic cages (4
animals/cage) under controlled temperature, and
received food and water ad libitum.
Induction of neoplasias in gastric antrum mucosa
Sixteen weeks after surgery, the animals of groups III
(non-denervated) and IV (denervated) ingested a solution
of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)
(Aldrich Chemical Co., Inc., Milwaukee, WI) dissolved in
distilled and deionized water at a concentration of 100
mg/L for 28 weeks. The animals were sacrificed 2 months
after the last intake of MNNG and the stomachs were col-
lected for morphological analysis.Estofolete et al. Cancer Cell International 2010, 10:18
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Morphological and quantitative analysis
Extracellular matrix fibers
Fragments of the pyloric region of the stomach (antrum)
were fixed in 4% buffered formalin for 12 hours, washed
in tap water, dehydrated in an ethanol series and embed-
ded in paraffin. For the extracellular matrix study, sec-
tions 4 μm-thick were stained with Hematoxylin-Eosin
[25], Picrosirius-Hematoxylin [26] and Gomori reticulin
[27] for histopathological analysis, and for collagen and
reticular fibers evaluation respectively. The fibers of elas-
tic system were studied using Weigert's Resorcin-Fuchsin
that selectively stains both elastic and elaunin fibers (the
oxytalan fibers remain unstained because they are not
previously oxidized in this study) [28]. The specimens
were analyzed with an Olympus BX60 light microscope
(Olympus, Hamburg, Germany) and the microscopic
fields were digitalized using the Image-Pro Plus version
4.5 for Windows software (Media Cybernetics, Silver
Springs, MD). Five random areas of the gastric mucosa
were analyzed using an ×20 objective, and the calibration
was done using an Olympus graded microscopic slide.
The quantitative analysis was determined according to
the procedure of Weibel [29], a grid test system with 168
points and 84 test lines, to compare the relative volume
(percentage) of the gastric mucosa compartments (epi-
thelium, stroma and others compartments, except the
epithelium and stroma) for Hematoxylin-Eosin staining
and the relative frequency of reticular and elastic fiber
distribution (percentage) for Gomori reticulin and
Weigert's resorcin- fuchsin staining, respectively. Values
are reported as mean ± SEM of relative volume (percent-
age) of the gastric mucosal compartments and mean ±
SEM of relative frequency of reticular and elastic fiber
distribution (percentage).
Mast cells
Analysis of mast cells in the gastric antrum was per-
formed in sections stained with Toluidine Blue 0.5% for
quantification of intact and degranulated cells and, with
Alcian-Blue-Safranin (AB-SAF) for quantification of
mucosal and connective tissue mast cells [30,31]. For this
purpose, sixty randomly areas of the gastric mucosa were
analyzed, per animal, with an Olympus light microscope
(Olympus, Hamburg, Germany) using a × 12,5/16 milli-
meter ocular and a × 40 power objective (ZEISS, Ger-
m a n y ) .  V a l u e s  a r e  r e p o r t e d  a s  m e a n  ±  S E M  o f  t h e
number of cells per mm 2.
Statistical Analysis
Data were analyzed using Statistica 6.0 software (Star-
Soft, Inc., Tulsa, OK). The data are presented as mean ±
SEM and were submitted to the Student's t test and one-
way analysis of variances (ANOVA), and then to the
Tukey-Kramer multiple comparisons test or Bonferroni.
Differences with values of P < 0.05 were considered statis-
tically significant.
Results
Histopathological and histochemical analysis of rat 
stomachs
Initially, pyloric fragments of non-denervated and dener-
vated stomachs by benzalkonium chloride (BAC) (groups
I and II, respectively) were studied. Analysis of fragments
of group II showed that myenteric denervation didn't
change the quantity and distribution of the meshwork
collagen fibers that surround the pyloric glands com-
pared to group I (Fig. 1A and 1B). This result was con-
firmed by Picrosirius-Hematoxylin stain (Fig. 1E and 1F)
and quantitative analysis of the relative volume of the epi-
thelium and stroma of the gastric mucosa from both
groups (Fig. 1I and 1J).
Non-denervated and denervated stomachs treated with
MNNG (groups III and IV, respectively) presented
changes in tissue architecture and arrangement of the
fibers of the extracellular matrix and an increase of the
diameter of pyloric glands as well as in relative volume of
the stroma (Fig. 1C, D, G and 1H). Treatment with
MNNG induced the development of benign and malign
tumors, especially adenomatous polyps and adenocarci-
nomas (Fig. 1C and 1G) in non-denervated stomachs
(group III). Animals with denervated stomachs and
treated with MNNG (group IV) developed precancerous
lesions and malign tumors characterized by dysplasia,
atrophic gastritis and adenocarcinoma (Fig. 1D and 1H).
In both groups, the stroma of the adenocarcinomas was
enriched by the presence of inflammatory cells, as mast
cells, neutrophils, plasma cells and lymphocytes, showing
immunological response to neoplasias (Fig. 2). However,
the neoplastic lesions of group IV were of smaller and less
aggressive profiles when compared to group III, and the
inflammatory infiltrate localized in the tumor stroma was
more intense, especially in animals that developed adeno-
carcinomas (Fig. 2D).
Histochemical analysis of the pyloric sections was per-
formed with Gomori reticulin and Weigert's Resorcin-
Fuchsin staining to study the distribution (frequency) of
the reticular and elastic fibers in the stroma, respectively.
Sections submitted to both methods revealed similar dis-
tribution of the meshwork fibers that surround the pylo-
ric glands of the stomachs from groups I and II (Fig. 3A,
B, E and 3F). Non-denervated or denervated stomachs
treated with MNNG (groups III and IV, respectively),
apparently presented increased amount of reticular fibers
(Fig. 3C and 3D) and thick and short elastic fibers highly
disorganized (Fig. 3G and 3H) in the adenocarcinomas
compared to their respective control groups (groups I
and II, respectively).Estofolete et al. Cancer Cell International 2010, 10:18
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Quantitative analysis of the reticular fibers confirmed
the increase of this extracellular component in the adeno-
carcinomas observed in the groups III and IV and also
showed an unexpected significant increase in the mucosa
of denervated stomach (group II) compared to group I
(Table 1). Despite the apparent increase of elastic fibers in
the stroma of non-denervated and denervated animals
treated with MNNG (groups III and IV, respectively), no
Figure 1 Histological analysis of rat stomachs. A, B, E and F) Pyloric gastric glands (g) surrounded by stroma with collagen fibers (s) observed in the 
mucosa layer of the groups I and II. Epithelium (ep). Gastric pits (f). Muscularis mucosa (m). C, D, G and H) Pyloric gastric glands (g) constituted by tu-
moral cells occupied the largest area of the gastric mucosa of the groups III and IV. An accumulation of PMN (arrows) was observed within the glands. 
Hematoxylin-Eosin (A-D); Picrosirius-Hematoxylin (E-H). Bars: 20 μm. I-L) Tissue compartments (epithelium, stroma, others) volumes of the gastric py-
loric mucosa. Values are expressed as mean ± SEM of percentage of relative volume. Groups without lesions (I and II) presented a high relative volume 
of epithelium (p < 0.05) compared to groups with lesions (III and IV). The presence of adenocarcinoma in the groups III and IV resulted in a significant 
increase (p < 0.05) of stroma compared to groups I and II.
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statistical difference was observed in their distribution
compared to control groups (I and II) (Table 1). On the
other hand, the myenteric denervation induced signifi-
cant increase of the elastic fibers of gastric stroma from
groups II and IV compared to non-denervated stomachs
from groups I and III (Table 1). No significant difference
was noted in the collagen and elastic fiber distribution
between non-malign and malign lesions of stromas from
groups III and IV.
Quantification of mast cells in the fragments of the pyloric 
region of the stomach
Mast cells were analyzed and quantified in the mucosal,
submucosal and muscular layers in all experimental
groups. The analysis of the total number of cells per gas-
tric fragment showed no significant difference between
the non-denervated (I) and denervated (II) groups (Fig.
4A). However, in non-denervated or denervated groups
treated with MNNG (III and IV, respectively), the devel-
opment of benign or malignant lesions was associated
with a significant increase of the number of mast cells in
the gastric antrum compared with the non-denervated
group (I). In the mucosal and submucosal layers, the sig-
nificant increase of mast cells in the non-denervated or
denervated groups treated with MNNG, (III and IV) was
associated with an increase of intact and degranulated
c e l l s  ( F i g .  4 B ) .  I n  t h e  m u s c l e  l a y e r ,  t h i s  i n c r e a s e  w a s
mainly associated with the large number of intact mast
cells (Fig. 4C).
Phenotypic analysis of the mast cells
For the phenotypic characterization of mast cells it was
used the method of Alcian Blue-Safranin (AB-SAF). In
animals of non-denervated (I) and denervated (II)
groups, there was a predominance of mast cells AB posi-
tive (AB+ ) in the mucosal and submucosal layers of the
gastric antrum, characterizing these cells as mucosal
mast cells (MMC) (Fig. 5A and 5B). In the experimental
groups treated with MNNG (III and IV), a high propor-
tion of AB+  and AB-SAF+  mast cells subtypes were
observed, the latter mainly in the denervated group (IV)
(Fig. 5C and 5D). Fragments of the gastric antrum con-
taining mesentery were used to confirm the presence of
SAF+ cells, characterizing the connective tissue mast cell
(CTMC) by this method of staining (Fig. 5E and 5F).
Figure 2 Histological analysis of adenocarcinoma induced by MNNG treatment. A and B) Morphological view of adenocarcinoma (AD) in non-
denervated (group III) and denervated stomach (group IV). Muscular layer (M). Intense inflammatory infiltrate (In). C and D) Detail of inflammatory in-
filtrate of tumor stroma constituted by mast cells (black arrows), neutrophils (arrowheads), lymphocytes (green arrows) and plasma cells (red arrows). 
Toluidine Blue. Bars: 100 μm (Fig. A and B), 10 μm (Fig. C and D).
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The total quantification of three subtypes of mast cells
(AB+ , AB-SAF+ and SAF+ ) confirmed the morphological
observations, showing a predominance of AB+ cells in the
pyloric fragment in all experimental groups (Table 2). In
non-denervated and denervated groups treated with
MNNG (III and IV, respectively), this cell subtype
increased significantly compared to the non-denervated
group (I). In denervated stomachs treated with MNNG
(group IV), sub-cellular AB-SAF+ also was significantly
increased in malignant lesions compared to lesions in the
non-denervated group treated with MNNG (III).
The analysis of the different subtypes of mast cells in
the mucosal and submucosal layers of pyloric fragments
showed a significant increase of mast cells AB+ only in
animals with a benign tumor (Table 3). In denervated
stomachs treated with MNNG (group IV), the population
of mast cells AB-SAF+  increased in comparison with
other experimental groups, being significant for malig-
nant neoplasm. The muscle layer showed a different pro-
file of the fragment as a whole, and denervated stomachs
Figure 3 Histochemical analysis of reticular (A-D) and elastic fibers (E-H) in the rat stomachs. A and B) Groups I and II presented reticular fibers 
rectilinear and aligned (arrows) surrounding the epithelium (ep) and the stroma (s). C and D) Reticular fibers (arrow) winding and apparently densest 
at the base (arrowheads) of glands (g). Collagen fibers accumulation between the glands (*) were observed. E and F) The glands are accompanied by 
a delicate web of elastic fibers (arrow) and more intensely marked in E. G and H) An increase in the thickness of these fibers, disruption and fragmen-
tation of fibrillar variables grouped masses of elastin (arrows) can be observed around the glands (g) compared to their respective control groups (I 
and II). Gomori's silver (A-D); Weigert's Resorcin-Fuchsin (E-H). Bars: 10 μm.
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Table 1: Stereological evaluation of the effects of 
myenteric denervation in the gastric antrum.
Relative frequency distribution of the fibers(%)1
Groups Collagen System Elastic System
I 16.87 ± 0.5 13.27 ± 0.5
II 24.06 ± 1.5* 19.4 ± 0.6*
III - NT 21.8 ± 0.9 11.2 ± 0.6
III - MT 25.71 ± 0.5* 11.1 ± 0.4
IV - NT 21.2 ± 1.6 20.2 ± 1.7&
IV - MT 26.87 ± 1.5* 19 ± 0.7&
Histological preparation was performed as described in Materials and 
Methods. Values are expressed as mean ± SEM of percentage of 
relative frequency of fibers. Non-malign tumor (NT); malign tumor 
(MT). 1 Statistical analysis based on ANOVA followed by the 
correction of Tukey-Kramer. *P < 0.05 vs. group I; &P < 0.05 vs. group 
III.Estofolete et al. Cancer Cell International 2010, 10:18
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without and with neoplasia (groups II and IV) showed a
predominance of mast cells AB-SAF+ . In neither group
studied, the number of cells SAF+, which characterize the
CTMC, overtook the other cell subtypes.
Discussion
In this study was investigated the histopathological
changes and distribution of the extracellular matrix
(ECM) fibrillar components, and mast cells in the pyloric
region of rat stomachs non-denervated or denervated by
benzalkonium chloride (BAC) and, non-treated or
treated with the carcinogen N -methyl-N '-nitro-N-
nitrosoguanidine (MNNG).
Initially, the histopathological and stereological analysis
showed no changes in the relative volume of the epithelial
and stromal compartments in the pyloric fragments from
non-denervated (group I) and denervated stomachs
(group II). However, the study of fibrillar components of
ECM in these specimens revealed that BAC denervation
causes an increase in the frequency of reticular and elas-
tic system fibers in the denervated gastric mucosa (group
II) compared to non-denervated (group I), as demon-
strated by histochemical and stereological analysis using
Gomori reticulin and Weigert's Resorcin-Fuchsin stain-
ing, respectively. Probably, the absence of contractile
stimulation caused by myenteric denervation in these
fragments (group II) contribute to an increase in the syn-
thesis of reticular and elastic fibers by smooth muscle
cells and/or a new association of fibers in the stroma as a
mechanism to adequate the peristaltic wave coordina-
tion, and to prevent stasis in denervated organs [32-34].
Treatment of non-denervated (group III) and dener-
vated (group IV) animals with MNNG induced the devel-
opment of malignant tumors (adenocarcinomas), benign
tumors (adenomatous polyps) and precancerous lesions
(dysplasia and atrophic gastritis). The development of
adenocarcinomas in both non-denervated and dener-
vated stomachs was able to promote a significant increase
in the relative volume of the stromal compartment. Dur-
ing the tumor development in the prostate or gastric
mucosa, the interaction stroma/epithelium is disrupted
and imposed a new condition associated to the morpho-
logic changes of extracellular matrix components and
tumor growth [35]. The epithelial cell proliferation in
both malignant and benign lesions causes changes
located in the gland, followed by a focal remodeling of the
fibrillar components in the extracellular matrix [27].
Figure 4 Quantitative analysis of mast cells in the stomach. Data represent the mean ± S.E.M of sixty fields analyzed per animal as described in 
Material and Methods. Non-denervated (I) and denervated stomach (II) without lesions. Non-denervated (III) and denervated stomach (IV) with le-
sions. Non-malignant tumor (NT). Malignant tumor (MT). A) Total number of mast cells in the gastric fragment. *P < 0.05 vs. group I. # P < 0.01 vs. 
another experimental groups. B and C) Intact and degranulated mast cells in the mucosal, submucosal and muscular layers. * P < 0.05 vs. group I; #P 
< 0.05 vs. another experimental groups; δ P < 0.05 vs. group III - NT (intact mast cells); &P < 0.05 vs. group III - NT (degranulated mast cells). C) Intact 
and degranulated mast cells in the muscular layer. *P < 0.05 vs. group I; # P < 0.05 vs. group II.
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In this aspect, the histochemical analysis showed a sig-
nificant increase on the reticular fibers of the adenocarci-
noma (group III) compared to the non-denervated
stomachs without lesions (group I). The increase of
stromal collagen fibers represents a mechanism by which
tumor cells could escape the "attack" of T lymphocytes
(CD8+ ) and to induce apoptosis, that would act as a bar-
rier to the infiltration of CD8+ [36]. Despite a not signifi-
cant alteration on the elastic system, a disruption of these
fibers was observed in adenocarcinomas of the non-den-
ervated stomach (group III), with the presence of bodies
of elastic elements fractionated, suggesting a degradation
or remodeling of the stroma in response to injury under
the influence of neoplastic cells. These changes in elastic
system fibers were simultaneous with the remodeling of
collagen fibers, also observed in prostatic lesions [37] and
in the prostatic stroma during this gland regression fol-
lowing castration [38,39]. According to these results, the
aggressive tumor could be evaluated by the fibrous com-
ponents of the matrix. A more developed mesh of colla-
gen fibers found in neoplastic lesions benign or
Figure 5 Phenotypical analysis of mast cells of gastric fragment. A and B) Submucosal layer of non-denervated (group I) and denervated (group 
II) stomach showing mast cells with cytoplasmic granules positive to alcian-blue (arrows), characterizing mucosal mast cell phenotype - in detail of 
panel A. C and D) Two mast cell population are noted in the gastric lesions of non-denervated (group III) and denervated (group IV) stomachs: alcian-
blue positive mast cells (black arrows) and alcian-blue/safranin positive mast cells (red arrows). E and F) Mast cells with safranin positive granules (ar-
rows) are observed in the mesentery, characterizing connective tissue mast cells. Alcian-blue/Safranin method. Bars: 10 μm (Fig. A-F); 5 μm (detail Fig. A).
A
E
D C
B
F
Group I Group II
Group III Group IV
Table 2: Density of mast cells with different phenotypes in 
the gastric antrum.
Pyloric Fragment
Groups AB+ SAF+ AB+ SAF+
I 8  ±  21  ±  14  ±  1
II 14 ± 4 3 ± 1 13 ± 10
III - NT 49 ± 16* 5 ± 2 11 ± 4
III - MT 23 ± 4*** 4 ± 2 13 ± 5
IV - NT 28 ± 5*** 2 ± 1 23 ± 8
IV - MT 36 ± 8**# 13 ± 10 47 ± 12&
Histological preparation was performed as described in Materials and 
Methods. Values (number of cells per mm2) are expressed as mean ± 
SEM of 60 fields analysed per animal with a high power objective 
(40×). Alcian-blue (AB+), safranin (SAF+) and alcin-blue/safranin 
positive cells (AB+SAF+). * P < 0.05 vs. group I; # P < 0.01 vs. III - NT and 
- MT; & P < 0.05 vs. II.Estofolete et al. Cancer Cell International 2010, 10:18
http://www.cancerci.com/content/10/1/18
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malignant of non-denervated stomachs associated with
degradation of elastic fibers would be responsible for an
appropriate support that ensures the success of tumor
growth.
On the other hand, in the denervated stomach with
adenocarcinoma (group IV), the increase of stroma was
not accompanied by increased of reticular and elastic
fiber compared to denervated stomachs without lesion
(group II), suggesting that the myenteric denervation
prior to the process of carcinogenesis could protect the
gastric mucosa from the development of the lesion. The
precancerous and neoplastic lesions of denervated stom-
achs by BAC also showed a web of reticular and elastic
system fibers without degradation probably synthesized
prior to the installation of the lesion; this situation may
have contributed to a smaller development of gastric
lesions.
In addition to morphological changes of ECM fibrillar
components, development of adenocarcinomas in the
denervated stomach (group IV) was associated with
inflammatory infiltrate most intense in the stroma in
relation to the stomach without denervation (III). This
exacerbation of the inflammatory response could be
attributed to anti-inflammatory action of the nervous
system that is able to gather information about inflamma-
tory events in various locations, mobilizing defenses and
thus contributing to a more efficient immune memory
[40].
The parasympathetic nervous system, which includes
the vagus nerve, is recognized as a powerful agent in neu-
roimmune inflammation of the digestive system [41]. Its
anti-inflammatory action seems to be related to its main
neurotransmitter, acetylcholine, capable of inhibiting the
activation of immune cells by binding to its receptors on
monocytes and macrophages [42,43], dendritic cells [44]
and mast cells [45,46].
Knowing that inflammation is also involved in the pro-
cess of tumorigenesis by regulating the growth, migration
and differentiation of cells in the tumor microenviron-
ment through the action of inflammatory cells [47], the
next step of this study was to characterize the distribution
of these cells, particularly mast cells in this experimental
model. The pathological examinations revealed no
changes in the number of mast cells between the non-
denervated (I) and denervated (II) gastric antrum. How-
ever, the gastric lesions induced by MNNG in the experi-
mental groups with and without myenteric denervation
(III and IV) showed a significant increase in the number
of mast cells in the non-denervated group (I). Moreover,
the morphological study of mast cells demonstrated the
presence of intact and degranulated cells in similar pro-
portions in the mucosal and submucosal, region of
tumors, in both experimental groups. The increase in the
density of mast cells has been linked to several types of
cancer such as melanoma, ovarian cancer, head and neck
carcinomas, breast, lung [10-12] and gastric cancers
[14,21,22,48]. The action of mast cell can be pro or anti-
tumor depending on the mediators released into the
microenvironment [10-12]. Among these mediators,
stand out pro-angiogenic factors, such as heparanase and
vascular endothelial growth factor (VEGF) and tryptase
and chymases that provide tumor growth. Moreover,
some cytokines (IL-2, IL-21 and TNF) and heparin can
act as anti-tumor mediators, released by mast cells, limit-
ing tumor progression [10].
The study of phenotypic characterization of mast cells
was based on the method of Alcian Blue-Safranin [21,30]
to classify them as mucosal (MMC) and connective tissue
mast cells (CTMC). In animals of non-denervated (I) and
Table 3: Distribution of mast cells with different phenotypes in the layers of gastric antrum.
Histological Layers
Mucosa and Submucosa Muscular
Groups AB+ SAF+ AB+ SAF+ AB+ SAF+ AB+ SAF+
I (Control) 7 ± 2 0 ± 0 3 ± 0 1 ± 0 1 ± 1 2 ± 1
II 12 ± 4 0 ± 0 2 ± 1 2 ± 1 2 ± 1 11 ± 9
III - NT 40 ± 14* 1 ± 1 4 ± 1 8 ± 3* 3 ± 2 7 ± 3
III - MT 12 ± 2 0 ± 0 3 ± 1 11 ± 3* 4 ± 1 10 ± 4
IV - NT 19 ± 3** 1 ± 0,6 12 ±8 9 ± 3* 1 ± 0 18 ± 7
IV - MT 27 ± 10 9 ± 8 25 ± 8#& 9 ± 2**π 3 ± 2 22 ± 9
Histological preparation was performed as described in Materials and Methods. Values (number of cells per mm2) are expressed as mean ± 
SEM of 60 fields analysed per animal with a high power objective (40×). Alcian-blue (AB+), safranin (SAF+) and alcin-blue/safranin positive cells 
(AB+SAF+). * P < 0.05 vs. group I; # < 0.05 vs. I and III-MT; & P < 0.01 vs. II; π P < 0.05 vs. II.Estofolete et al. Cancer Cell International 2010, 10:18
http://www.cancerci.com/content/10/1/18
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denervated (II) groups there was a predominance of
MMC in the mucosal and submucosal layers of gastric
antrum confirming published data [49,50]. In non-dener-
vated or denervated stomachs treated with MNNG
(groups III and IV), this cell subtype increased signifi-
cantly compared to the group I. Beyond MMC, the den-
ervated gastric antrum of animals treated with MNNG
(IV) showed a significant increase in other cell subtype
alcian blue-safranin positive, suggesting a phenotypic
change of MMC to CTMC associated with denervation.
This high density of CTMC was observed mainly in the
muscular layer of the antrum, the region most affected by
myenteric denervation [7]. Osinski and colleagues [51]
also described a phenotypic change of mast cells in the
jejunum muscular layer of rats following myenteric den-
ervation, revealed by the fluorescence of berberine sulfate
in the cytoplasmic granules of mast cells. According to
the phenotypes, mast cells may mediate immunosuppres-
sion, contributing to a more efficient immune tolerance
[11]. The cytoplasmic granules of CTMC contain heparin
which has an anti-tumor role demonstrated by studies
using the implant in mice 4T1 cells (cell line of mammary
adenocarcinoma) treated or not with imatinib, a drug
that induces cell death [52]. The animals that received the
implant of cells treated with imatinib developed larger
tumors compared to tumors in animals implanted with
untreated cells. In the same study, the researchers showed
that mice deficient for the heparin synthesis showed an
increase in tumor growth, suggesting a lowering effect of
this mediator in tumor development. Thus, the protective
effect of myenteric denervation on the development of
t u m o r s  i n  r a t s  c o u l d  a l s o  b e  a t t r i b u t e d  t o  p h e n o t y p i c
changes of mast cells from MMC to CTMC, contributing
to the release of anti-tumor mediators.
Conclusions
The morphological aspects discussed herein, the extra-
cellular and intracellular components of tumor microen-
vironment, are of fundamental importance for
understanding the tumor biology by action of myenteric
denervation and the establishment of tissue phenotypes
in pathological conditions. Thus, research on pathologi-
cal examination in complex biological models for the
study of mast cells and fibrous proteins of the ECM as a
target for new therapies in the tumorigenesis, are essen-
tial and should have direct clinical implications.
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